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1. [bookmark: _GoBack]Introduction
In RAN1 #116bis meeting [1], the following observation(s) have been made for the support of HD-FDD (e)RedCap UE with NR NTN operating in FR1-NTN bands.
	Observation
To avoid the occurrence of error cases 3 and 4 through network scheduling, there are less resources available for a scheduled HD-FDD RedCap/eRedCap UE in NTN compared to TN when there is TA mismatch between actual TA used by the UE and assumed TA for the UE at the gNB. 

Observation
For collision cases 1, 2, 5 and 6, when there is TA mismatch between actual TA used by the UE and assumed TA for the UE at the gNB, there might be less resources available for the scheduled HD-FDD RedCap/eRedCap UE in NTN compared to TN if gNB attempts to avoid the collision or there is a loss of DL/UL transmissions due to collision. 

Observation
When there is TA mismatch between actual TA used by the UE and assumed TA for the UE at the gNB, there may be a BLER performance degradation for the reception of UL transmissions at the gNB for the scheduled HD-FDD RedCap/eRedCap UE in NTN compared to TN if gNB does not attempt to avoid the collision at least in the following cases: 
· UL transmission with repetitions due to different available slot counting at UE and gNB when colliding with SSB reception
· PUSCH repetition type B due to different invalid symbol determination at gNB and UE when colliding with DL transmissions 
· UL transmission with DMRS bundling due to the different actual TDW determination at gNB and UE when colliding with DL transmissions
Note: the above cases happen at least with one of collision cases 1, 2, 5, 6, and 7.


In this contribution, we discuss whether or how to change half-duplex collision rules to support (e)RedCap UEs with NR NTN in FR1.

2. Discussion
2.1. TA misalignment
In order to determine whether there will be critical RAN1 issues when supporting HD-FDD (e)RedCap UE with NR NTN in FR1, a quantitative study on the level of TA misalignment between gNB and UE should be conducted first. In the previous meeting [1], potential issues for DL/UL collision rules of HD-FDD UE were discussed under the assumption that TA mismatch between gNB and UE is relatively large. However, there was no clear consensus on the amount of TA mismatch between gNB and UE. For example, in NR NTN, the TA mismatch may occur if gNB does not receive any TA report or if the existing TA report is outdated or if the TA report granularity is not fine enough. If UE does not perform a TA report at all, gNB cannot set some key scheduling variables (e.g., , ), so the scenario (e.g., no TA report) is not considered as a feasible scenario. Therefore, assuming that UE performs TA report, the amount of TA mismatch due to TA report aging and/or TA report granularity should be studied.
Observation #1: When UE performs TA reporting in NR NTN, TA misalignment may occur mainly due to outdated TA reporting and/or coarse TA report granularity.
Proposal #1: For HD-FDD (e)RedCap UE support in Rel-19 NR NTN, study the quantitative level of TA misalignment between gNB and UE.

Meanwhile, the difference due to outdated TA reporting may occur when UE location changes, and may occur in proportion to the RTT difference depending on UE location within the cell (e.g., difference between the minimum TA and the maximum TA). For example, assuming LEO 600km, beam size of 50km and the target elevation angle of 30 degrees, the difference between the shortest RTT (minimum TA) and the longest RTT (maximum TA) is within about 300us, which can correspond to about 4~5 OFDM symbols with 15kHz SCS. Considering that the TA report granularity in NTN is 1ms (e.g., 14 OFDM symbols with 15kHz SCS), for the LEO example, the main cause of TA mismatch can be TA report granularity rather than outdated TA report.
Observation #2: For LEO 600km, beam size of 50km and the target elevation angle of 30 degrees, the difference between the minimum TA and the maximum TA can be less than TA report granularity (e.g., 1ms).
Proposal #2: For HD-FDD (e)RedCap UE support in Rel-19 NR NTN, study enhanced TA reporting mechanism, especially for TA report granularity.
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Figure 1. Example of TA misalignment within a beam/cell

2.2. DL/UL collision under TA misalignment
For the improvement of the DL/UL collision handling rules of (e)RedCap HD-FDD in Rel-19 NR NTN, it may be necessary to discuss on whether/how to have the same understanding of potential DL/UL collision resources between gNB and UE under TA misalignment. If gNB and UE do not have the same understanding of potential DL/UL collision resources, unintended transmission and/or reception may occur and system performance may degrade. For example, when the colliding DL reception is SSB (e.g., Case 5), the available slot count determined by UE and gNB may be different, which may result in UE transmitting UL signal to resources not intended by gNB, causing resource waste and/or interference.
Observation #3: When UL transmission collides with SSB reception (e.g., Case 5), system performance may be degraded if gNB and UE do not have the same understanding on the potential DL/UL collision resources.

In NR NTN where TA misalignment exists, a method of utilizing guard time (GT) can be considered as a way to support that gNB and UE have the same understanding of potential DL/UL collision resource(s). For example, if a DL resource and a UL resource exist within GT, gNB and UE may regard these resources as potential DL/UL collision resources. The value of GT can be set sufficiently large to absorb TA misalignment between gNB and UE. However, even if the GT is introduced, if the UL TA values assumed by gNB and UE are different, the understanding of the potential DL/UL collision resource(s) may still be different. To solve this problem, gNB and UE can determine the GT-based DL/UL collision resource(s) under the same UL TA assumption. For example, gNB and UE can assume the common TA or the TA value in the latest TA report as UL TA, and then determine potential DL/UL collision resource(s) based on GT (e.g., DL/UL resources exist within GT under given UL TA assumption). Meanwhile, when the GT-based DL/UL collision determination is introduced, exception handling for cases where the actual TA misalignment is larger than the GT should be considered. As an example, when the GT is no longer valid, UE can perform TA report to gNB to reconfigure the value of GT.
Proposal #3: For HD-FDD (e)RedCap UE support in Rel-19 NR NTN, study the way to have the same understanding of potential DL/UL collision resource(s) between gNB and UE by using guard time (GT).
· FFS when actual TA misalignment exceed GT
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Figure 2. Example of potential DL/UL collision resource(s)

2.3. Error case handling
In RAN1 #116bis meeting [1], an issue was raised where gNB was unable to avoid the error cases (e.g., Case 3 and Case 4) due to TA misalignment, and therefore, an argument was made to define the UE behavior even in those cases. However, whether to define the UE behavior in existing error cases (e.g., Case 3 and Case 4) should be carefully considered. This is because if Case 3 and Case 4 are not treated error cases in Rel-19 NR NTN, significant specification works is expected to handle of more complex DL/UL collision combinations. For example, for a series of transmissions, a case may occur where a dynamic DL resource and semi-static UL resource collide, and then the semi-static UL resource collides with another semi-static DL resource (e.g., maxed case of Case 1 and Case 3). In the above case, it is necessary to discuss which collision will be resolved first, which can complicate UE operation and cause many specifications impacts. For example, it can be considered to resolve collisions between semi-static resources first and to resolve collisions with dynamic resources second. Alternatively, as discussed in Section 2.2, if gNB and UE can have the same understanding of potential DL/UL collision resources based on GT, gNB can avoid collisions through scheduling, and Case 3/4 can be considered as error cases as before.
Observation #4: If UE behavior is defined in Case 3 and/or Case 4, multiple DL/UL collision cases can be mixed and the relevant UE behavior may be complicated.
Proposal #4: For HD-FDD (e)RedCap UE support in Rel-19 NR NTN, study whether/how to define UE behavior in Case 3 and Case 4, carefully considering potential new DL/UL collision case(s) where multiple existing DL/UL collision cases are mixed.
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Figure 3. Example of mixed DL/UL collision cases

Therefore, if Case 3 and/or Case 4 is not treated as an error case(s) as in before and UE behavior is defined, RAN1 should study enhanced DL/UL collision handling rule(s) that can be applied in various case(s) including the above mixed DL/UL collision case(s). For example, UE may determine the existence of colliding DL resources based on UL resources and then apply DL/UL collision handling rule(s) if at least one colliding DL resource exists. UE processing time can be considered when determining the colliding DL resources. For example, only DL resources scheduled and/or activated before the UE processing time from the start of the UL resource can be considered for DL/UL collision for the potential UL cancellation. When there are multiple UL resources that need to be checked for DL/UL collisions, the UE can determine the colliding DL resources starting from the UL resource with the earliest transmission time and apply DL/UL collision handling rules in order.

2.4. Prioritization of NTN-specific transmission(s)
In RAN1 #116bis meeting [1], it was discussed to prioritize the transmission of SIB19, which contains satellite Ephemeris information, in case of DL/UL collisions. For example, SIB19 reception can be given priority over UL data transmission (e.g., PUSCH). If the priority in DL/UL collision is determined based on factors other than scheduling type (e.g., dynamic/semi-static), specifications and UE operation may be more complicated compared to the conventional DL/UL collision handling rule. Therefore, if changes related to specifications are discussed in RAN1, it would be desirable to support general operation as much as possible rather than focusing only on SIB19. For example, in NR NTN, UL transmission related to TA report (e.g., TA report/SR triggered by TA report) may also be important information. In order for gNB to set an appropriate UL timing offset (e.g., , ), it may be necessary to receive TA report information in a timely manner. Additionally, as discussed in Section 2.2, if gNB and UE have the same understanding of potential DL/UL collision resources based on GT, the UE may perform a TA report if TA misalignment is not covered by the GT. Then, the TA report may have priority over general UL transmission. Since HARQ feedback can be enabled/disabled for each HARQ process in NTN, it may also be considered to set the transmission priority between DL/UL differently depending on whether HARQ feedback is enabled/disabled. For example, HARQ feedback disabled transmission may have a higher priority because omitting some transmissions may result in failure to receive the entire data. Lastly, when DM-RS bundling is applied, since the UL performance may be degraded if the actual TDW is shortened due to frequent DL reception(s), it can be considered to maintain TDW as much as possible.
Proposal #5: For HD-FDD (e)RedCap UE support in Rel-19 NR NTN, study prioritization rule for the following NTN-specific transmission(s).
· SIB 19
· TA report and/or SR triggered by TA report
· HARQ feedback enabled/disabled transmission
· UL transmission with DM-RS bundling

2.5. Actual TDW determination
In RAN1 #116bis meeting [1], an issue was raised that the event decision rule for actual TDW determination in TN may not appliable for NTN due to TA misalignment. For example, if there is TA misalignment between gNB and UE, gNB cannot know the exact UL resource(s) which is overlapped with DL reception, and therefore gNB and UE can have different understanding on the actual TDW. If gNB performs DM-RS bundling that includes a time interval other than the actual TDW of UE, channel estimation (CE) and reception performance for the corresponding UL transmission may significantly deteriorate. One possible solution is for gNB and UE to have the same understanding of potential DL/UL collision resource(s) as discussed in section 2.2. Then, gNB can avoid the potential DL/UL collision by scheduling. Even if a collision occurs, gNB and UE can exclude the potential colliding UL resource(s) from the actual TDW. It means that UE may not guarantee the phase continuity and power consistency in the potential DL/UL collision resource(s). Whether to allow UL transmission in the potential DL/UL collision resource(s) can be further discussed.
Proposal #6: For HD-FDD (e)RedCap UE support in Rel-19 NR NTN, study determination of actual TDW by including the potential DL/UL collision resource(s), which are aligned between gNB and UE, as a new type of event(s).

3. Conclusions
In this contribution, we discussed whether or how to change half-duplex collision rules to support (e)RedCap UEs with NR NTN in FR1. Based on the above discussion, our observations and proposals are given as follows:

Observation #1: When UE performs TA reporting in NR NTN, TA misalignment may occur mainly due to outdated TA reporting and/or coarse TA report granularity.
Observation #2: For LEO 600km, beam size of 50km and the target elevation angle of 30 degrees, the difference between the minimum TA and the maximum TA can be less than TA report granularity (e.g., 1ms).
Observation #3: When UL transmission collides with SSB reception (e.g., Case 5), system performance may be degraded if gNB and UE do not have the same understanding on the potential DL/UL collision resources.
Observation #4: If UE behavior is defined in Case 3 and/or Case 4, multiple DL/UL collision cases can be mixed and the relevant UE behavior may be complicated.

Proposal #1: For HD-FDD (e)RedCap UE support in Rel-19 NR NTN, study the quantitative level of TA misalignment between gNB and UE.
Proposal #2: For HD-FDD (e)RedCap UE support in Rel-19 NR NTN, study enhanced TA reporting mechanism, especially for TA report granularity.
Proposal #3: For HD-FDD (e)RedCap UE support in Rel-19 NR NTN, study the way to have the same understanding of potential DL/UL collision resource(s) between gNB and UE by using guard time (GT).
· FFS when actual TA misalignment exceed GT
Proposal #4: For HD-FDD (e)RedCap UE support in Rel-19 NR NTN, study whether/how to define UE behavior in Case 3 and Case 4, carefully considering potential new DL/UL collision case(s) where multiple existing DL/UL collision cases are mixed.
Proposal #5: For HD-FDD (e)RedCap UE support in Rel-19 NR NTN, study prioritization rule for the following NTN-specific transmission(s).
· SIB 19
· TA report and/or SR triggered by TA report
· HARQ feedback enabled/disabled transmission
· UL transmission with DM-RS bundling
Proposal #6: For HD-FDD (e)RedCap UE support in Rel-19 NR NTN, study determination of actual TDW by including the potential DL/UL collision resource(s), which are aligned between gNB and UE, as a new type of event(s).
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